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Fig. 4 　トンボ目の分類
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Fig. 9　トンボの生活環（ライフサイクルパターン）
Life cycle of the dragonﬂy (life cycle pattern)
Fig. 8　研究の構成















































































































































































































ラクタ （ーゴム車輪）で 0.39N/mm2以上，コンバインで 0.29 
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Fig. 13　暗渠排水の施工状況
Installation of subsurface drainage
Fig. 14　調査圃場の概要と管理方法
Outline of surveyed ﬁelds and method of management
Fig. 12　暗渠排水の断面
Cross-section of subsurface drainage
Table 1　農業機械の走行性とコーン指数との関係
































シオカラトンボは 1年に 2世代出現する DV種（Fig. 9）
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Fig. 15　調査圃場の状況
State of surveyed ﬁelds
Fig. 16　コドラート法による調査状況
State of survey using the quadrate method
Fig. 17　冬期落水圃場の調査状況（落水時）
State of survey on winter ponding ﬁelds (when ponding)
Fig. 18　乾田状態におけるギンヤンマ幼虫の枯死
Withered Anax parthenope julius larvae in a dry paddy state
Table 2　通年湛水水田におけるヤゴの生息状況
Living conditions of dragonﬂy larvae in permanently ﬂooded paddies
通年湛水圃場 冬期落水圃場

















































質土は 1.8× 10-3 （cm/s）と最も低く，重粘土はほとんど
Table 4 ࣏ࢵࢺヨ㦂ࡢヨ㦂༊ศ 
Test categories in pot tests ‣Ỉ⟶⌮ ‵₶⟶⌮ ஝⇱⟶⌮㔝እ ◁㉁ᅵ ۑ ۑ ۑۑۑᅵ⢓㔜㛵ᮾ࣮࣒ࣟᅵ ۑ ۑۑۑᅵ㉁◁ෆᐊ ۑۑᅵ⢓㔜㛵ᮾ࣮࣒ࣟᅵ ۑ ۑ㸦ྛヨ㦂༊࡟༉ᢞධ㸧㸦ྛヨ㦂༊࡟༉ᢞධ㸧ヨ㦂༊
Table 3　冬期落水水田におけるヤゴの生息状況
Living conditions of dragonﬂy larvae in winter ponding paddies
Table 4　ポット試験の試験区分
Test categories in pot tests
Fig. 19　ポット試験の概要
Outline of pot tests
農村工学研究所報告　第 51号　（2012）12






















































































Properties of soil used in tests
Fig. 22　湛水管理（野外）の生存率と最低気温




Trends in minimum temperature in pots and minimum air temperature
Fig. 23　湿潤管理（野外）の生存率




























2002年 10月 30日の落水後から 11月 1日に 9mmの降
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Survival rate in dry management (outdoors)
Fig. 25　湿潤管理（室内）の生存率
Survival rate in wet management (indoors)
Fig. 26　乾燥管理（室内）の生存率
Survival rate in dry management (indoors)
Table 6　死滅時の土壌水分及び土壌硬度
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砂質土 重粘土 関東ﾛｰﾑ 砂質土 重粘土 関東ﾛｰﾑ
体積含水率
（％） 15.6 53.7 61.9 14.7 56.6 67.2
土壌硬度
（N/mm2） 0.02 0.04 0.41 0.14 0.38 0.37
試験開始時の土壌硬度は全て0.02N/mm2以下
野　外 室　内
Table 6 死滅時の土壌水分及び土壌硬度 
Soil moisture and soil hardness at point of death 
Table 7 アオモンイトトンボの田面の乾燥化から 
死滅までの日数 
Days from drying of paddy surface to death of Ischnura senegalensis 
砂質土 重粘土 関東ローム土
野外実験
（非灌漑期） 4日 8日 23日
室内実験













































































































Days from drying of paddy surface to death of Ischnura senegalensis
 


























































い，捕獲作業時間は午前 10時から 12時までの 2時間と
した。期間は 2000年 8月 21日～ 27日の連続した 7日
間であった。
Fig. 27　調査地区の水環境状態 (2000.8)
State of water circulation in the survey area (Aug. 2000)
Fig. 28　アジアイトトンボ（マーキング個体）
Ischnura asiatica (marked individual)
Fig. 29　捕獲作業状況
State of capture work
0 250 500 m 
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Table 8　マーキングによる体重量の増加
Increase in body weight by marking
Table 9　再目視調査時の気象状態
Weather conditions in re-sighting survey
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Results of re-sighting survey
Fig. 31　目視頻度と再目視頻度の関係
Relationship between frequency of sighting and re-sighting
Fig. 30　再目視個体の発見地点
Discovery sites of re-sighted individuals
Table 11　ゾーン別の再目視調査結果
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向にあり，ゾーン 4で一旦 0となるがゾーン７と 11で





























































Water environment status and dragonﬂy appearance rate
Fig. 32　目視個体数と湛水休耕田面積の関係
Relationship between number of sighted individuals and ﬂooded fallow ﬁeld area
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Probability distribution of a single ﬂight distance
Fig. 35　シミュレーションによる定常生存状況
Constant survival status by simulation
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Comparison of simulation results and recapture survey results
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Usual paddy ﬁeld management in Ibaraki Prefecture
Fig. 38　休耕田利用型ビオトープ
（茨城県つくば市農村工学研究所）
Biotope using fallow ﬁelds (Tsukuba Institute 
















































































Outline of surveyed ﬁelds
Fig. 40　ルートセンサス法による調査状況
State of survey using route census method





































Plant height on the survey route (Max-Min)
Fig. 42　各調査区の植物の生育状況
State of vegetation growth in each survey area
Table 13　成虫調査結果
Results of adult survey
Table 14　幼虫調査結果
Results of larval survey
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Vegetation coverage inside quadrates (Max-Min)
Fig. 45　被度とアオモンイトトンボの個体数（7月 7日）
Coverage rates and number of Ischnura senegalensis (July 7th)
Fig. 47　アオモンイトトンボの幼虫個体数
Larval population of Ischnura senegalensis
Fig. 48　カゲロウ目幼虫個体数
Larval population of Ephemeroptera
Fig. 46　アオモンイトトンボのペアリング数
Pairings of Ischnura senegalensis
Fig. 44　コドラート内の植物相の状況（7月 15日）
Status of ﬂora inside quadrates (July 15th)
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た，ナツアカネは水深 10-15cmで推定 300匹 /10a，ノシ














































































































































Narrow valley paddy zonerice
Fig. 52　調査地区の概要
Outline of the survey area




低平地水田地帯 1,800m（Fig. 54），谷津田地帯 1,030m
（Fig. 55）であった。
②幼虫調査
　幼虫調査は 50× 50㎝の木枠を各調査水田で 4回設置
し，枠中のヤゴを採取するコドラート法を用いて，2006
年 6月と 11月，2007年 7月と 11月，2008年 7月と 11
月の計 5回行った。調査水田は低平地水田地帯では冬期












































Winter flooded paddy in the narrow 
valley paddy zone
Fig. 58　谷津田地帯休耕田利用型ビオトープ
Biotope using fallow fields in the narrow 
valley paddy zone
Fig. 56　低平地水田地帯冬期湛水水田
Winter ﬂooded paddy in the lowland paddy zone
Table 16　成虫調査結果
Results of adult survey
Table 17　幼虫調査結果
Results of larval survey
ࡓࡵụ ㇂ὠ⏣ᆅᖏ పᖹᆅỈ⏣ᆅᖏ࢖ࢺࢺࣥ࣎⛉ ࢜࢜࢖ࢺࢺࣥ࣎ 2.7 0.8࢟࢖ࢺࢺࣥ࣎ 16.4 1.9 0.5࢔࢜ࣔࣥ࢖ࢺࢺࣥ࣎ 5.2ࢡࣟ࢖ࢺࢺࣥ࣎ 4.1 0.1࢔࢜࢖ࢺࢺࣥ࣎⛉ ࢔࢜࢖ࢺࢺࣥ࣎ 0.4࣐ࣖࣥ⛉ ࢠ࣐ࣥࣖࣥ 2.6 0.2࢜ࢽ࣐ࣖࣥ⛉ ࢜ࢽ࣐ࣖࣥ 0.7࢚ࢰࢺࣥ࣎⛉ ࢥ࣐ࣖࢺࣥ࣎ 0.2ࢧࢼ࢚ࢺࣥ࣎⛉ ࢥ࢜ࢽ࣐ࣖࣥ 0.1ࢺࣥ࣎⛉ ࢘ࢫࣂ࢟ࢺࣥ࣎ 0.1ࣁࣛࣅࣟࢺࣥ࣎ 0.5 0.2ࢥࣇ࢟ࢺࣥ࣎ 0.9ࢩ࢜࢝ࣛࢺࣥ࣎ 1.3 9.2 0.3࢜࢜ࢩ࢜࢝ࣛࢺࣥ࣎ 4.3 0.5ࢩࣙ࢘ࢪࣙ࢘ࢺࣥ࣎ 11.9 1.1࢔࢟࢔࢝ࢿ 0.1 2.2 0.1ࣀࢩ࣓ࢺࣥ࣎ 0.6 1.7ࣚࢶ࣎ࢩࢺࣥ࣎ 0.3ࣁࢵࢳࣙ࢘ࢺࣥ࣎ 6.2 1.0ࢳࣙ࢘ࢺࣥ࣎ 43.1ࢥࢩ࢔࢟ࢺࣥ࣎ 2.6ྜィ✀ᩘ 17✀ 15✀ 3✀༢఩㸸ಶయᩘ/100m/ㄪᰝᅇᩘ
 



































































Life cycle of the dragonﬂy and water management of winter ﬂooded paddies
Fig. 60　水田の生きものの逃げ場（兵庫県豊岡市）
Refuge for paddy organisms (Toyooka, Hyogo Prefecture)
Table 18　底生生物調査結果
Results of benthos survey
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Mitigation ﬂow of stagnant water dragonﬂies
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Fig.61 ṆỈᇦᛶࢺࣥ࣎ࡢ࣑ࢸ࢕ࢤ࣮ࢩࣙࣥࣇࣟ  ࣮
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Dragonﬂy conservation by chemical-free, zero-tillage cultivation
Fig. 64　冬期湛水水田（改良型）によるトンボ保全
Dragonﬂy conservation by winter ﬂooded paddies (improved type)
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Fundamental Research on the Conservation and Mitigation Measures 
for Stagnant Water Dragonﬂies in Consolidated Paddy Fields
WAKASUGI Kousuke
Summary
　Paddy ﬁeld land consolidation projects, which started in 1963 in Japan, have made signiﬁcant contributions, such 
as promoting rural areas, solving postwar food shortages, and improving agricultural productivity. In the last several 
decades, however, there has been a decline in wildlife species adapted to the secondary natural areas inherent in rural 
landscapes. This decline has resulted from changes in farming methods and the use of large quantities of agricultural 
chemicals, mechanization of farm work using tractors and combine harvesters, and paddy field land consolidation 
projects undertaken to improve agricultural output and productivity. In response to this decline, a 2001 amendment 
of the Land Improvement Act provided that the impact on the environment should be taken into consideration when 
undertaking these projects. From the viewpoint of maintaining biodiversity, however, the measures undertaken so far 
have been inadequate. 
　In this thesis, I describe achievements made in mitigation systems in some public work projects in Japan and abroad 
and examine their applicability to paddy field land consolidation projects. Mitigation, which was first emphasized 
in American environmental assessments conducted in 1969, refers to acts that counteract the negative impact on 
ecosystems caused by development projects, including (1) avoidance, (2) minimization, and (3) compensation, listed in 
the order of priority. The aim of this basic research is to investigate how various mitigation measures during paddy ﬁeld 
land consolidation would affect dragonﬂies, which serve as representatives of wildlife in rural areas. 
　For example, acts falling under “avoidance” would involve conserving particularly important habitats (hot spots) 
when consolidating land. “Minimization” would involve carrying out consolidation in stages and maintaining habitat 
networks while taking into account metapopulations. As for “compensation” acts, I propose using fallow ﬁelds and 
other sites to establish biotopes, build thriving habitat networks, and implement ecological farming practices. In order 
to balance the conservation of dragonﬂies that inhabit stagnant water with farming, I propose an improved version of 
inundating paddy ﬁelds in winter based on chemical-free, zero-tillage cultivation, which combines existing farming 
techniques with knowledge of the life cycle of dragonflies, the drought resistance of larvae, and other important 
species traits. In this research, I studied the impact of paddy ﬁeld land consolidation projects on the habitat quality of 
dragonﬂies and proposed countermeasures based on ﬁeld measurements of drought resistance of larvae and the potential 
traveling range of adult dragonﬂies. These basic data can be used to devise sound mitigation practices and improve the 
quality of conservation measures for dragonﬂies.
keywords: dragonﬂies, mitigation, consolidated paddy ﬁelds, habitat networks, paddy ﬁeld aridiﬁcation
